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DEFINITIONS 
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MEANINGS OF THE ADDRESSES FOR THE COMMANDS USED BY THE SWAC. 








COMMAND 


a 


|8 


y 


8 


F 


£<!.•• 


ADD 


ADDRESS 
OF 

AUGEND 


ADDRESS 

OF 

ADDEND 


ADDRESS 

OF 

SUM 


ADDRESS OF NEXT 
COMMAND IF 
OVERFLOW 


a 


4 


SPECUL 
ADD 


ADDRESS 

OF 

AUGEND 


ADDRESS 

OF 

ADDEND 


ADDRESS 
OF 

SUM 


ADDRESS 

OF 

NEXT COMMAND 


b 


5 


SUBTRACT 


ADDRESS 

OF 

MINUEND 


ADDRESS 

OF 

SUBTRAHEND 


ADDRESS 

OF 

DIFFERENCE 


ADDRESS 

OF 

NEXT COMMAND 

IF OVERFLOW 


s 


6 


SPECIAL 
SUBTRACT 


ADDRESS 

OF 

MINUEND 


ADDRESS 

OF 

SUBTRAHEND 


ADDRESS 

OF 

DIFFERENCE 


ADDRESS 

OF 

NEXT COMMAND 


t 


7 


MUL'HPLT 


ADDRESS 

OF 

MULTIPLIER 


ADDRESS 
OF 
» MULTIPLICAND 


ADDRESS 
OF 

PRODUCT 
ROUNDED-OFF 




m 


u 


SPECUL 
MULTIPLY 


ADDRESS 

OF 

MULTIPLIER 


ADDRESS 

OF 

MULTIPUCAND 


ADDRESS 
OF 

PRODUCT 
ROUNDED-OFF 


ADDRESS 

OF 

NEXT COMMAND 


n 


V 


PRODUCT 


ADDRESS 

OF 

MULTIPLIER 


ADDRESS 

OF 

MULTIPLICAND 


ADDRESS OF 
MOST SIG- 
NIFICANT 
PART OF 
PRODUCT 


ADDRESS OF 
LEAST SIGNIFICANT 
PART OF PRODUCT 


P 


w 


COMPARE 


ADDRESS 

OF 

MINUEND 


ADDRESS 

OF 

SUBTRAHEND 


ADDRESS 

OF 

DIFFERENCE* 


ADDRESS OF NEXT COMMAND 
IF Dlb'FERENCE 
IS NON-NEGATIVE 


c 


8 


SPECUL 
C(»(PARE 


ADDRESS 

OF 

MINUEND 


ADDRESS 

OF 

SUBTRAHEND 


ADDRESS OF 
DIFFERENCE OF 
ABSOLUTE 
VALUES 


ADDRESS OF NEXT COMMAND 
IF DIFFERENCE OF 
ABSOLUTE VALUES IS 
NON-NEGATIVE 


d 


9 


EXTRACT 


ADDRESS OF 

EXTRACTOR 

(DETERMINES 

DIGITS TO 

BE EXTRACTED) 


ADDRESS 

OF 

EXTRACTEE 


ADDRESS OF 

EXTRACTED 

AND 

SHIFTED 

RESULT 


IF SECOND DIGIT OF S IS 

0-SHIFT LEFT 

l^JHll'T RIGHT 
OTHER DIGITS TELL 
NUMBER OF PLACES TO 
SHIFT 


e 


y 


INTTUL 
INPUT 


(INCOMING IN- 
FORMATICMJ GOES 
TO ADDRESS €) 






SELECTS INPUT DEVICE 
AND TYPE OF INPUT 


i 





INPUT 


ADDRESS OF 

INCCMING 

INFORMATION 




CHANNEL 
ADDRESS 
ON DRUM 


SELECTS INPUT DEVICE 
AND TYPE OF INPUT 


J 


1 


OUTPUT 


ADDRESS OF 
OUTGOING 

nwoSiaAtioN 


ADDRESS OF 
1/2 'BASE, FOR 
CONVERTED 
OUTPUT 


CHANNEL 
ADDRESS 
ON DRUM 


SELECTS OUTPUT DEVICE 
AND TYPE OF OUTPUT 


O 


2 



• Overflow gives same word in y as in a and s Commands. »* Equivalent of F symbol in hexadecimal notation. 

[The missing symbols are: x ^ space; z = the leCtei f, 3 = the letter rj 
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rEPmiTioNS 



ARROW (•*) 



CODING SHEBTS 



POMMY 



ENTRY 



EPSILCJN COUNTER 



IfllLT 



LINK 
RBGISTEBS 



Notation used in remarks coluinn of coding sheets to 
denote "replaces", "x replaces 3r" is equivalent 



to *x*" -»• jr " 



(Cf . page II sU) 
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No. 


Card 
No. 


W. 
P. 


S 


o{ 


/3 
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<£ 
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CI 


Remarks 





































































W.P » word pulse, S - sign, 01 £ - clear epsilon 
(Cf . page IIs2 on clear epsilon) 

A constant in storage which resembles a coramand, but 
is never obeyed. The routine adds a number to the 
domtny to produce- a ccnraand, which is then obeyed. 
(Cf . page Vsl on modified commands.) The dumny mi^t 
also be used as a limit against which to conpare a 
command being modified. 

A code number, detennined by each coder, used by a 
routins to send control to the beginning of a sub- 
routine . 

Basic goirerning unit of SWAC. It specifies the 
address of the command to be obeyed next. As each 
command is completed, [the epsilon counter normally 
advances by unity. When epsilon is either cleared 
by a switch or changed by a special command it 
continues to count from its new setting. The 
addition of 255 + 1 in the epsilon coarfcer results 
in 000. 

There is no halt built into SWAC. Ai^ halt must be 
coded into a routine. This is most effecttvely done 
by addressing a command which calls for input from 
the SWAC typewriter. 

The address of the command to be obeyed upon comple- 
tion of a subroutine. 

The M and R registers referred to in the text are 
transfer or accumulating units of SWAG. They are not 
part of the raamory, but are tised in execution of 
commands. 
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DEFINITIONS 



ROUND-CFF 1 Addition of »1« to the least significant position of 

the result of "the m or n product coimaands, if the 
least significant half of the product is •'I* in the 
most significant binaiy digit. Round-off also occurs 
in the result of a righfc shift extract conimaad if the 
binaiy digit to the right c£ the least significant 
digit in the result was a "l" before shifting. 

WCRD The contents of one memory address of SWAC. The 36 

binary digits (9 hexadecimal digits) are allotted in 
the following manner., 





Hexadecimal 
Digits 


Binary 
Digits 


o( 


1 and 2 


1-8 


/J 


3 and k 


9-16 


r 


5 and 6 . 


17 - 2U 


cT 


7 and 8 


2^ -32 


F 


9 


33 - 36 



(If the voTd being considered is a command, see 
pg.iii for meanings of -V, /3, ^, S, and F parts 
of the word.) 
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Basle Stilaa 

To faEd.llttfte checking out routines and operating SHIC, store the 
following words in cells 00 md 01s 

Cell Ho. ^ ^ ZT ^ E. Raaarks 

00 01 00 00 10 3 Typewriter IspvA to (01) 

01 (Taanporaryj initially zero) 

This device peznlts ^e qperator to type any desired cemmand into 
(01) and caase SWAG to obey it inawdiately. If, for exangjle, the conaand 
of 01 01 01 5u t were typed into the nadiiBe while ^silon - 00, then 
the obeying of (01) would send epsilon to (^u) aad clesr (01). 

The eorer page of a main rootine lists the cells of the asmory used 
by the eowmands and constants, and the cells assigned to the smb]t>\]M.nea. 
The coder includes instruct ions for variation of output for not if desired. 
He describes the expected output, whether typed or punched on tape or 
cards, and the interrals at which it should occur. The operator nost 
know the neaning of various "error" halts and type-outs, i&at he »ay 
inspect to detemine the trouble, and lAiere he can enter the lotttine to 
re-eooqpute or to continue. 

If the coder keeps this last suggestion in nind Triiile coding, he 
will plan certain "entry points" at which the operator can check coding 
or perform necessary re-conputations. This leads to a strong reeoiMenda- 
tlon for the pre-storing of nodifiable ooaraands aaid rariable quantities. 
Use "work" or "tanporaiy" storage for a Tariable factor, at the sate tine 
leaving the initial ralue (s) untouched. This enables the operator to 
re-coB9ute the final ralue (a) of a cycle repeatedly. Vhsn all pessibillty 
of error or unexpected oTerflow is past, code to traasf^r a new glTen 
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Talne to (a) and send tbis good answer (a) to its proper "worie* cell for tiie 
next cycle. If one vere certain that a cjcle of coBDasnds were to be per- 
foxned only once, there woaM be no hazn in destroying factors by re-uaing 
their storage cells. Howerer, there maybe sone trouble in code checking, 
or some machine trouble, that will make it advisable to re-enter a (^cle. 
The ceding sheets should indicate points to ifaich the operator can safely 
send epsilon to re<<onpute any portion. 

Many aid and subtract commands of a rottbine can merer be expected to 
hare orerflow. There are others, howerer, in idiieh overfLow may possibly 
oecnr, ialieating erzor. Th3 slz(i of d. factor may exceed that expected by 
the coder, or there may be some ftinction ooi^mted by a series idiich causes 
orerflow when the texms are summed. The first soggestion that comes to 
mind is to let the delta of those commands be 00; then epsilon goes to (00) 
t^on any orerflow. However, in this case the operator cannot determine at 
irtiich command overflow occurred. 

If there are enough storage cells available after assigning addresses 
to the main routine , store several halt comiands, 01 00 00 10 j, one fbr 
each possible overflow. Code the aidkiresses of the halts in the delta 
portions of the aid and subtract conmaads irtiich may overflow. In the 
remmrkii colomn of the halt commands indicate which overflow causes each 
halt; the operator of the SKAC can thm type on the output sheet #ileh 
fonction had an error, for later interpretation by the coder. 

Attached to the coding sheets there mnst be step-^-step instiuctions 
for running the routine. Tbsy should describe the aioant of msmozy filled 
by t«^e or card initial reai-in, the new data to be inserted in the tspe 
reaier or collator, the frequency of aemozy diecks, etc. 
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1. Bead in routine. It goes into anldresses 00 to «6j then (00) again; 

then (zb). It vill halt in (00), calling for 
typeuiiter inptit to (01) . 

Obey either instruction 2 or 3 <- 

2. IF COMPOTIHQ FBOM 1HB BEGmHIHG OF PROBUM: 

Obey (00) } type in 01 01 01 ua t. 

Obey (01) and allow machine to contdnae. 

3. IF CONTHnjIHG TUB COMPDTING FBOM AHOIHSR ROM: 

Insert tape of starting yaloes (2 words) . 

Obey (00) J type in 01 01 01 ti8 t. 

Obey (01) md allcm machine to continue. 

U, TAPK PDNCH-OUTS of results in binary will occur after less than a 
second of conQSixbing: 

at epsilon ■ address typed out ■ factor typed out ■ 

Ox yu Et 

9U ys c\ These 2 «fl?e repeated many 
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95 y5 aj tiBBS before a new R. . 

A total of 50 R* values should punch out befbre routine halts in (w7), 
indicating completion. 

5. TIPS-OUTS in gTOtsqjs of six words at epsilon - 5l to 56 indicate a 
discrepancy in coi^utationi routine will continue. Allow it to 
continue and save type-out for coder. 

6. HALTS 

a. A halt at any epsilon fiom rr to w6 indicates orerfLow in the 
routine. (Please note on type -out ^eet the epsilon at which 
halt or oTerflow occurred; see coding sheets.) To get back into 
routine, clear ^silon and obey (00): type 01 01 01 tw t into 
(01). Obey (01) and allow machine to codbinue. 

b. A halt at epsilon « uz indicates memory chedc failure.* Obey 
instructions on coding sheets at epsilon > uz . Run out some 
blank tape from punch-out unit. Set machine to command (COM) 
node of operation .«» 

Obey (ais), i.e., finish the input to (98) - hash. 

Obey (vO) snd (rl), tape punch-out of two starting values . 

» Of. page IVsl for memory dieck. 

«* To enable operator to cause execution of one command at a time. 



Obey the conmands beginning in (t2), nanoiy type-otit. The TsiLue 
in (01) is the difference between the giTen nfl»oi7 aaa. and the 
conputed aemoxy som. If this indie ates that the mmory csaot 
easily be fixed, use (00) and (01) to do so. 

After fixing the menory obey (00) j type 01 01 01 u8 t. 
Bisert tape of tT» words of starting Talues jtist punched out. 
Ob^ (01) and alloir machine to continue. 

If memory error is too bad to be fixed, md routine must be 
read in again, ob^ Instruction number 3 . 

Some Aids to Coding 

Before beginning the actual coding of a problem, in most instances, 
dranr a floir diagram. This gires a pictorial represoatatlon of the steps 
to be foUowed in the routiiae. A saogjle flow diagram is shorn on the 

n — 

following page for the computation of a table of f (x) « Jx - 1, 
X - 1(1)25. Since square root is not an operation of SWAG it most be 
coi^nited by a subroutine. Howerer, in the Bum diagram the coder treats 
square loot as another operation; details of the process are usually 
considered in a separate diagram. 

Since SWAG has no built-in checks, include coded checks in the 
routine. In the exanple giren, the result f(x) is squared and oorapared 
with x^ -1. If this agrees within a certain predeteiained tolerance, 
the machine continues. If the check fails, an alternating tally caases 
the machine to compute f(x) once more. If it again fails, tha machine 

halts. . 

When doing the initial coding, use the flcflr chsrt as a guide to the 
operations and their sequence. Instead of assigning memory locations to 
words, use STidaols sudi as R^ for instractions, c* Ibr constants, and t^ 
for temporary storage. 

Always use a right shift if coding for a zero shift . 
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START 





X • 0*t^ 


-> 


X + 1 -*■ X 


— ^ 


x^ -»- tg 


-»■ X^-l-^tg 


^Pre-store aLtemat/tr ab* 








Tes 










' f 




Punch X 
Punch f (x 


->Is x<2^? 


No 

— * 


HALT 




^ 


Bnter subixj-ubine for 
^/x2 - 1 -»■ t^ 


r 


■ 


r 


\ 






! 


1 


1 






' 




' 








J 


t 




^ 






r + 1 -^ r 
Is r < liMit 
of r? 


No 






(v'-^\ 




Yes 












Try 




■'' ■ , ' 






4 




Type X 
Type tj 


again 


» 








\ - *2 " H 


^ 


_ 


> (r) 








Tyyt 




'f 


srroi 


•• No 


> 




Tes 




1 








Tes,€ 








• 




Given Hg-'S^-**^ 
Is 0< V ? 




Error. Is it 
first failure 
for this X? 
(alternator) 


* 

Tes 


Is 1 1^ > a small 
given-'-colerance. A? 


Ho 














No ' 


1 




Tes 








Mo 








V 










k + !-»■ k 

Is k < limit of k? 


^ 


(k)+r^-^5;3^ 












i 




ft. -p. 














> >'•- • 


• 


> 


No o.f . 


Tally for memory 


ee 


ClAijr ^^-. in t.r- 


' — < ■- ■■ 








*6 
ov< 


+ 
sr 


4 
fl( 




*6> 

? 











Flgiire 1. FLOW DIAGRAM FOR COMPUTING f (x) - Jx^ - 1 , x - 1(1) 2^. 
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FollowiBg is a asmplB of coding in symbols. This codLng cotbts ths* 
portion of the flow diagram ifaich begias id.th »pre-store altarnator ai «* 
and continaes through "Clear S, in t-" . It includes checking -fee accuracy 
of the square root, and the starting of the a»nioiy check. The saaple cod- 
ing as somes that instractioB R^, is the last command of the square root 

r^ 

subroutine, or is a transfer command placing vx - 1 in storage t^. 

Cell Mo. sL ^ JC £. Z Rg»arks 

R^ tg tg tg Rr s Clear alternator in to. 

R, (Entry to square root subroutine) 

'a 

h2 h S \ hi "^ (*3^^"\ 
ha \ h S hh '^ \-H^S 
hk ""3 S Ho Hi ^ ^» |%| > ^^ 

ILjj tg ci tg Rjg s. Tss, srror. Alternator | first failure? 

R^. t^ te Cq Rg t Tes, first failure, Tiy again. 
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R-i^ to to t„ R,o 8 Ho error. Bnter maaiory check. Clear 

?■" 9 9 1 ^0 Xj^iat. 

I (Remainder of maia routine) 

R^g 01 00 00 10 3 HALT — error, or conpletion of problem. 



c^ 00 00 00 00 Zero storage. 

°1 



00 00 00 00 9 A for tolerance on accuracy of sq. rt. 

0. 80 00 00 00 2'^ 

I (Remainder of constants) 

t- (Tenporaryj accomolator of machine memory sum) 

tg (jat«mscbor tallyj isitially sero. Alternately 2" and aero- 

^ with-orerfloir) 

tj^Q (Hash) 
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After the iaitial coding is eoBplete, assign meaory addresses to the 
sjatools. A formalized method of doiiag this by IBM machines is described 
ia the menorandoBi, "Symbolic CodlBg", t^ B, F. Hmdy, HationaL Buresoi of 
Standards, dated Septenber 2, 1902. 

When making the assigniaeiats, store the constants either direcKLy 
before or directly after the commands^ and assi^ the tonporaries in a 
group spaxt from the rest. This group of words msiy be omitted from the 
input tape or cards since temporaries need not be read into the machine* 
(Cf . page IIs2 for semicolon) Grouping the temporaries also sinpllfies 
the memory check, which is executed at regular interraLs (at every fourfe 
X in the given example) to test the constancy of ths memory. (Cf . page 
BTslfor memory check) Mote that the flair diagram contains reminders to 
the coder to pre-store and pre -clear certain modified commands and 
temporary storage cells (for example: to clear Sn> t^e cell in idiich 
the memory sum is aBCunolated each time the memory check is executed). 

If a teaporary storage address, t., is used successively for tiro or 
more values, the folloiring type of chart keeps track of itoat is currently 
stored in t. . When used during coding, the chart eriahLes the coder to 
tell lAether the value he expects in t. has been replaced by another value, 
or has been left intact. 

x(23) 

x^(2b), x^ - 1 (25) 
Jx^ - 1 (26) [ (26) - R^] 

The number in parenthesis following each symbol iadieates the value of 

epsilon at the time of transfer or computation. Here, cell t2 has been 

2 
used for two results j the coder is reminded that x is not available 



3y- 


h 


3z - 


H 


Uo - 


S 
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after epsiloa -25, In this example, ooBaaBds and constaats are stored 
from 00 to 3xj heace t^^ ■ 3y. 

For the operator of a ro\ifcii>e to be siale to re-entar the routine^ or 

^ . .X XV- ^ * V ^ ««+v, 00' 01 00 00 10 j 

to change any word in it, the coding moat begin wLth q^„ qq qq qq qq q 

as mentioned before. To \ise (00) in this manner, the operator srast be able 

to clear epsilon manually ab almost aj^ point in the routine. Keeping this 

in mind, code with as few "special" commands (those which specify the next 

epsilon) as possible. The exanple on the left below makes use of "specials" 

unnecessarily; it could just as easily be written as on Ihe ri^t. 



Cell 
Ho. 


69 


6U 


63 5n b 


Remarks 


Cell 
No. 

59 


69 


^ jC A I 


59 


Transfer (69) 
to (63). 


6U 63 5u a 


5u 


63 


63 


62 Sr n 


(63)^-^ (62) 


5u 


63 


63 62 5v m 


5v 


62 


63 


61* 5w t 


(62)-(63)H.(6U) 


5y 


62 


63 6Jt 5w s 


o 



• 


(RwBiainder of routine) 




• 
• 


(Beraainder of loubine) 


62 


(Temporary storage) 




62 


(Temporary storage) 


63 


(Tenporary storage) 




63 


(Temporary storage) 


6U 


00 


00 


00 00 


Zero storage. 


6h 


00 


00 00 00 



In 'ttie K>utine using the special commands the operator cannot return the 
control to 00 eren if he clears epsilon maauallyj ■fee pre sence of a special 
command dictates tiie next command because of the delta to epsilon trmsfer 
on a special command. 

If the data to be introduced in computing has a re ly wide range, store 
the numbers in floating binary form, using Ihe floating operations sub- 
routine. This system stores a ralue as a nuAer q, ^ ^q < 1, accompanied 
by an sppropidate power of 2. Otherwise thijdr ef data as nuabers less than 
one, and assign scale factors accordingly. Keep a record of the scale 
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factors assigned to the result of each operation in the remarks coltjnn of 

the coding sheets. 

Ezanple: 

Conptite; a^b^ nhere a^^^ - a^b^ + 7, and b^^^^ « b^ + 2, 
imtil b. reaches a girem liait. 

Given: a - l.S^yltj aaximiBi kaoim to be a^^ • 7.yab9 

b • U«yb96j maxiHram knotm to be b . » y.k697 
o ■*• 

Store: 2'^ a - .2x3ii60000 and 2"^a^ « ,23^920000 
2"^b - .UyU960000 and 2"^b^ - .7U6970OOO 



Cell 
Ho. 


od. 


^ 


_r 


£ 


F 


Remarks 


k3 


56 


59 


57 


kh 


m 


^'\\-^ (57) 


hk 


81 


57 


58 


Ok 


e 


2"\\-^ (58) 


U5 


58 


80 


56 


k6 


a 


2"^(a3^b^ + 7) -^ (56) 


U6 


^9 


82 


59 


k7 


a 


2"^(b^ + 2) -* (59) 


k? 


83 


^9 


86 


k3 


c 


Is (83) < (59)'? 


U8 

* 
• 


(Command to be obeyed after (59) 
has reached its liadt) 


« 


• 

56 












.-\ 


57 












2-\\ 


58 
59 

s 














• 

80 


yo 


00 


00 


00 





2-h 


81 


00 


00 


00 


00 





Zero storage. 


82 


20 


00 


00 


00 





2-^2 


83 


7k 


69 


60 


00 





Liait of 2"^j^. 



86 (Teaporary storage) Hash. 
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H. IKFUT 

laltial LoailBg 

When a routine tape is to be read into Hie machine, the operator clears 
the epailon eoxmter sod the nemory storage. The tape is inserted in the 
tape reader, and the operator presses the OOPB (one-operation push-button) 
once* One half of a coamand (or four periods) is obqredj during this first 
half the machine inspects the command stored in the mmory address desig- 
nated bj epsilon (nanelsr, 00) <> Since the machine has been cleared, the 
coaraand stored in (00) is all zeros. An F - signifies "initial iaput"! 
input to the memory address equal to epsilon. 

Then the second half of the command is obeyed = The tape reader ad- 
rainces the tape for one vord, and that -m rd reads successively into the R 
and M registers and into the memory address equal to epsilon. The epsilon 
counter increases to 01. Both halres of the command taks place z^idly in 
operation on continuous (COST) or on one comnand at a time (COK)| operation 
on period (PER) enables one to see each of these transfers separately. 

After epsilon advances to (01) the machine inspects the command stored 
in (01) J this, too, is all zeros, and another tape input (to memory address ' 
01) takes place. The SVAC continues to inspect successive commands stored 
in the memory and to replace them vlth words from the routine tape as long 
as it finds both F«0 in the memory and input tape in the tape reader. 

When a routine is to be read into the machine from cards , the IBM 
collator is used instead of t^e tape reader. The same piocedire takes 
place, however, in the obeying of commands irtiose "F" is zero. SWAG in- 
spects successive cells in the memory and replaces them nith words from 
cards as long as it finds both F»0 in the memory and cards in the collator. 

There is a "stop" character following each word on punched tape. 
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Corresponding to the "stop" character on tape there is a ^word pulse" on 
cards, one pulse for eadh word read in. It signals the SWAG to store the 
contoits of a word and to increase epsilon, as does tiae "stop* on the tape. 

Use of the "clear epsilon" character obviates halting the read»in and 
clearing epsilon manualljo Suppose on tape a "semicolon" follows the "stop" 
character for the last word to be read in (for example, (Uti)). The machine 
will be halfway throu^ the command of initi al input into Memory address 
kr at the time that the "semicolon" character is read from the tape. The 
"semicolon" code causes epsilon to clear, and the delta of the command 
currently being obeyed is transferred to epsilon. In the present exaa^le, 
(Ur) T^en inspected by the machine is all zeros j hence, an initial input 
command (F-O) has been set up to input to the origin. 

However, the initial input commamd has yst to be obeyed. Spsilon now 
reads 00 instead of Uv, and the next word on the tape will read into memory 
address (00), clearing idiatever may have been there. There may hatve been a 
word present on the beginning of the routine tape to be read into memory 
address (00). It is necessary to repeat (after the "semicolon" character) 
the contents of (00) followed by a "stop" character in order that (00) may 
contain the correct word. The machine will inspect (01) for its next 
order and obey it. The commaind in (01) magr Increase 6^ for additional ti?)ut. 

The "blear epsiloif signal fron card input accoB?)lishes the same thing. 
To code for this on cards place a "5" in the Clear Spsilon column of the 
coding sheets on the jppropriate line. As in tape input, the comb and in 
(00) should be on the same line. 

General 

When F of the command being obeyed is 0, coded as i, the SWAC executes 
sn initial input to the aemory address equal to epsilon. This is diseassad 
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aboTS in Initial Loading . When F is 1^ or j, SWAC inputs to the nemory 
address equal to the alpha portion of the camraand. The delta portion of 
the input coramand being obeyed designates the input de^ce called for^ 
regardless of tdiether F is i or j. 

If delta is either 10^ 30^ or 50, SWAC calls for a typewriter input. 
This constitutes a halt conraand, for the machine does not continue its 
routine until an operator conpletes the typewriter input. If delta is 70, 
SWAC calls for a drum ii^ut| Hie drum is not yet in use. 

If the delta of an Input command is 00, 20, UO, or 60, SWAC calls 
for either t^e or collator (card) inputs Only one or the oiher is to be 
used at any one time. If the operator has tape ready in the tape reader 
and also cards in the collator, with collator motor idling, the machine 
will attenQjt to input from both devices. This results in the input of 
nonsensical ralues. On the coTer sheet attached to ihe coding always 
make it clear to the operator idien to reraore tape or cards from input 
units, or place cards or tspe into position for read-in. 
Coding Notation for Vgrioua Inputs 

In coding for tspe ii^ut use hexadecimal notation (base l6) . There 
are two hex digits each in of, /3, r, and i^, and one in F. The F column 
may hare either the letter or hex representation for operations. (Cf . page 
ill ). The correspoiKling hex aid decimal notations used on SWAC coding 
sheets for digits ares 

MC8 000 001 002 003 OOU 005 006 007 008 009 
HBX t 00 01 02 03 OU 0$ 06 07 08 09 
DBCs 010 Oil 012 013 OUi Ol5 Ol6 017 018 etc. 
HBXs Ou Ov Ow Ox Oy Oa 10 11 12 etc. 
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If coding for card input code in decimal notatdonj there are three digits 
each in o(, /^, ^Tg and X, and two in F. (This applies to non-syabolic 
coding.) In the P coloBin, tise the decimal representation for operations « 
(Cf . page iii and ihe abore table ») 

Use hex notation in the CelllhiBber column of the coding sheets in 
coding for tape oP cards = Card Htmber column is not Tised in tape coding. 
Di card coding that colomn mnsfc hold consecatiTe nuBfcerSj, for there id 11 
be one input card for every ten lines of coding » For instance, corres- . 
ponding to coding lines 190 throng 199 (in decimal), the collator card 
idJ.1 be number 19, The Clear Bpsilon and Sign columns of the coding 
sheets are used similarly in hex and decimal coding. The'Vslear epsilon" 
code is "5" in decimal notabion, and "i" is the correapon<fi.ng symbol in 
hex notation. Indicate the sign by »-" or "X". The Word Pulse column is 
not used at present for either method of coding. 
Coding for Data Input 

If a routine calls for input of data from tape it calls for one wrd 
at a timej the tape advances one word at a time as input coramaids are 
obeyed. However, if a routine calls for card input the coding nrast take 
into account the nuetber of words on each input cardj this may vary from 
one to ten. The routine amst execute the number of input conmands corres- 
ponding to the number of nerd pulses on any one card. 

There is anou^ time between the reading of soecessive lines of each 
card to allow SWAG to obey tio or three commands. To avoid storing ten 
it^mt conmands, the coder may store only one input command. He then amst 
store another command to modify the input command, sending the information 
'from the card to successive memory locations, A tally command is used to 
contnjl the amount of input, tsounting to the mmber of iwrd pulses on each 
e«rd^' (Cf . page 7sl for modifying commands.) 
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III. QgTPOT 

Type apd Tape 

When the F of the conmand being obeyed is 2, coded as o in hex 
notation, the SWAC executes an oxrtput. The alpha portion of m oat pat 
coramand determines iiie cell lAiose contents id 11 be s€nt to an output 
onit. The delta portion of the comiand deteimines which otttput derice 
will receire the information. The beta portion detai-raines the cell 
lAose contents are displayed in the M register on tfae console daring 
output . 

If delta is 00, the SWAC tjpes the contents of ihe cell referred to 
in alpha. If delta is 10, there is an output to p\anched tape. Both of 
these output devices are gorerned by an output format. HoiroaLly this 
foznat has eleren characters: 

positire nonber: space, 9 integers, tab character, "stop" 

negative nooiber: minus, 9 integers, tab character, "stop* 
The nine digits are typed or punched in reverse order, the most signifi- 
cant at the extreme right. 

During typewriter output, the tab character activates the tab key 
of the SWAC typewriter. The "stop" does not sppear on "type -out. Both 
the "stop" and tab characters are pimched on output tape. A tsgpe of 
punched answers can be listed in final form on m awiliary typewriter, 
and can also be read back into the S¥AC as data for a subsequent routine. 
The pimched t«pe output is mora useful for problems with a small enount 
of values. Punched card output is much faster, axi more useful for 
voluminous answers. 

The tab has no significance if read bade into the SHAC from tape', 
its purpose is to operate -ftie tab key of the auxiliary typewriter. 
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enabling the opersbor to list ansirers in colTJHins. The "step" character 
merely lists on that typewriter as "/" , Ihiring read-in to the SWAC it 
signals the end of one con5)lete word, and canses the increase of epsllon. 

Either tape or typewriter output can be set bf "the operator for 
Converted" otrtput by a switch? it is possible thms to hare ralues expressed 
to base 10 or l6. With this kind of output tiie digits are punched or iyped 
in the correct order, the most significant at the extrme left. The 
• operator can also obtain a word of eleren digits in "oonrerted" oxitput. 
Besides noticing the operator that he desires "conrerted" output, though, 
the coder must siLso code an appropriate cell in the beta of every "0CPSf-*20" 
type-out. For decimal output, he must hare beta of the command refer to a 
cell containing "5" in liie F posltioni for hex, he refers to a cell con- 
taining "8" in the F position. It should be noted that 11 decimal digits 
are roughly equivalent to 9 hex digits. 

If the coder is interested in only part of a irord (for exsraple, three 
hex digits) the operator can cause the tab and "stop" characters to follow 
directly after the first iiiree integers, thus skipping the other integers. 
Since a word leaves storage in reverse order durii^ "normal" ouiput, the 
three integers obtained in Ihis exaB5)le wauld be those stored in delta sbA 
F. Mote that these are the three least significant integers. On "conrertdd" 
output the digits would be the three most sigaificant integers, twj in 
alpha, and one in beta. The punch or type output of a nine integer word 
requires two seconds. 

It !• also possible to chaise the format of each word. In addition 
to the integers, tab, and "stop", there are ar ailabLe three space charac- 
ters and a period. Following the coder's instructions, ths operator can 
intersperse the other characters aaong the digits of m output ward. 
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Hormally the output typewriter is set to type six words per linei if 
the outputs come in groups of two, iiiree, or six words no chaige need be 
made. According to the coder's instractions, the operator can cause the 
typing of fewer words per line to accoramodate groups of four or five words. 
In all the above variations of output tiie coder must bear in mind that any 
change in the output Ibr type or tape will effect dLl words, lAether type 
or punch tape ou%>ut| e.g., '♦converted" oul^jut also affects "lO" punch-out. 

20 Output 

If the delta of an output command is 20, SWAG types nine letters 
representing the nine digits in iAie ceLl referred to by alpha. There is 
a limited alphaibet of 1^ letters sod a space. (Cf . page iii for corres- 
ponding digits and letters.) As an example of its use, suppose the coder 
were interested in knowing only ihe fact that f(x) had exceeded a limit. 
He might not have the routine halt in the event of that overflow. However, 
he might code the routine to type a reminder to re-check the function at 
X, and then to continue computing with x+1. 

The following commands would type such a reminder: 

Cell 
Ho. 2L 2^ JT ^ ?. Raaarks 

32 7x 00 00 20 o Type "re do«. 

33 ka 00 00 00 o Type x at time of overflow. 
3lj, (Continue with rest of computing routine) 

kz TempoTarj storage assigned to x. 

7x XX 29 :iy 3x X "Re do" in reverse order, with 

space characters inserted. 

MOTE: The cell 7x couM contain xx od xe rx x on tht coding sheets and 

the same letters would be typed from SWAC. (The "x» code ia a space.) 



nitU 

If the SWAC has been set for "converted" otctput, it TKiald be possible to 
use "20" letter output, providing the beta of the outpxit command refers 
to a cell with "8" in the F position. 
22 Output 

If the delta of an output command is 30, ndihing takes place. This 
command is not used, for it causes only a momentary halt in the routine. 

IjO Output 

A delta of EO in an oxitput command causes SWAG to type one letter or 
one number representing the last five binary digits in the ceOl referred 
to by alpha. The tab aid carriage return keys of the output typewriter 
are not automatically activated as in other type-outs. They must be coded 
in "alpha" cells just as are the letters. If a routine includes any "1*0" 
outputs there must be Instructions to the operator to set the "UC* output 
switch either to "numbers" or "letters". (Of. fo Honing page, III:5j for 
corresponding letters and nunbers.) Though only one diaracter is typed 
for each output Command, there is available a complete alphabet. 

If SWAC has been set for "converted" output (instead of "normal"), 
the output typewriter is not astivated daring "UO" output. There is only 
a fflomentary halt in the routine. 
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"UO" Output (single csharacter) 



If (o() eontaiftB::- SWAC ' Switch Setting 

-• •' ; will type Mtanbers Letters 


wooooooo 


Nothing 


Space 


01 


Bade space 


1 


02 


Nothing 


• 


03 


Nothing 


Carriage Retiirn 


OU 


i 


Shift Up 


05 


1 


Shift Down 


06 


Nothing 


g 


07 


Nothing 


h 


08 


- 


tab 


09 


/ 


k 


Ou 


» 


u 


Ov 


J 


V 


Ow 


Nothing 


w 


Ox 


Nothing 


X 


oy 


Nothing 


y 


Oz 


Nothing 


z 


10 





i 


n 


1 


3 


12 


2 


o 


33 


3 


r 


:ih 


k 


a 


15 


5 


b 


16 


6 


s 


17 


7 


t 


18 


8 


c 


19 


9 


d 


lu 


u 


m 


It 


V 


n 


Iw 


w 


P 


Ix 


X 


Space 


3y 


7 


e 


Iz 


z 


f 
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50 Output (See footnote, page 111:7) 

When the delta of an output command is 50, SWAC causes the nuniaer in 
the cell referred to by alpha to be punched on an IBM card. There must 
be a group of ten values pundied out in saccession. Ths values appear on 
the card in binary representation, ten to a card. Any of these words 
punched out may be zero. If a coder has only four values to be punched 
at each punch-out, six of the words punched will be zero. 

The time required for punching of one card allows SWAC to obqjr two or 
three commands between the punching of two successive lines (or words) . 
This enables the coder to store only one output oomnand, and employ a qycle 
of modified commands to transfer the successive oxibpub words to the cell in 
alpha of the output c»mmand. (Cf . page V:l on modified commands.) It 
saves the storage of ten separate output commands, if extra storage space 
is needed. 

The cards punched from output may be read back into SWAG as data, by 
the collator. During the punching, a woisi pulse aocoB?)anies each line or 
word of piinchingj during subsequent input the word pulse is the signal to 
SWAC of the completion of one word, causing epsilon to increase. If my 
of the lines punched ovrt should not be read back into SWAC, ihe coder inusfc 
anticipate this at the time of punch-out by requesting the operator to 
inhibit the word ptilse where necessary. Any or siLl of the word pulse 
punches may be eliminated. 

Routines have been coded vhich will call &r collator input of cards 
carrying binary values, aid punch out cards of the decimal equivalents. 
This enables a coder to ha\re the pimched results of a coi^ut action trans- 
lated to decimal and then listed on IBM eqfiipment . XJiere is also a 
routine to translate data punched in decimal form to cards in binary 
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notation; the binary data is then ready to be called for as input daring 
a coinputaticm routine. Refer to memorandum, "Programs for Conversion of 
Decimal Punched Cards to Binary Punched Cards", by B. F. Hsnd^, National 
Bureaa of Standards, dated October lU, 1952 . 
60 Output (See footnote below) 

A breakpoint output command is designated by 60 in delta. No output 
device is activatedj breakpoint is merely a halt, accompanied by the 
displsy of two values on the console of SWAC. The contents of the cells 
referred to in the alpha and beta portions of the oxitput commaid diow on 
the console for comparison with hand-computed values. This is most usefiil 
for checking out coding on SWACj after a routins is considered correct the 
setting of a switch inhibits the breakpoint halt during actual computation 
runs. Note that although the breaikpoint is not operative with the switch 
"off, an ^preciable delay is introduced as each breakpoint is passed. 
If there are many breakpoints, an alternate routine, omitting them, should 
be used during the computation. 
70 Otctput 

The output command with 70 in delta calls for an output to the magnetic 
drum; this is not yet in use. 
Tape-to-Card Converter 

There is aixLliaiy equipment ^ich translates punched tape, either in 
decimal or hex notation, to punched cards j its oper ation is inde|iendent of; 
SWAC. The translation, however, does not change the notation either from 
decimal to hex or vice versa. This is useful for the comparison of dupli- 
cate tape results on two separate computation runs, by using IBM eqaipiaent 
to compare the cards. 



Notes Whether SWAC is set for "normal" or "coiwerted" output is 
iidmaterial in "50" and "60" oxitputs. 



10-22-52 
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Soiaaiazy of Input and Outp ut 

Input command: F is or 1 (i or j) 
Output command: F is 2 (o) 

Delta 



Hex. 


Dec. 
000 


Input Unit 


00 


Tape or Collator 


10 


016 


Typewriter 


20 


032 


Tape or Collator 


30 


Oit8 


Typewriter 


1*0 


06U 


Tape or Collator 


50 


080 


Typewriter 


60 


096 


Tape or Collator 


70 


112 


Drum (not in use) 



Output Unit 



Typewriter (nine digits) 

Tspe Punch 

Typewriter (nine letters) 

(not used) 
Typewriter (one character) 
IBM Card Punch 
Breakpoint 
Drum (not in use) 
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17. MIMORT CHECK 

Memory Check is a device to notify operator of loss or pickup of 
ntunbers ^^in ^jthemiteajty. SuHimlng the niemoiy after routine read-in (or 
after computation of 1st value) checks irameciLataLy for failure to read 
in a word, or to store it, properly. Intermittent slicing in the same 
manner daring computation checks for loss or pickup during operation. 
One more ir^moiy check after the last computation will verify accuracy of 
the routine during final computations. 

Preferably, assign addresses to storage in the following order: 

1) Commands . 

2) Constants and dummy' oommsaads. 

3) Temporary storage and (if possible) modified commands. 
Assign the last memory location in 2) to the given memory s\im. The first 
time the lyjutine is checked out on the SWAG this sum Is entered in the 
memory as zero. Assign one cell in 3) to "the memory sum as computed at 
regular intervals T:^ the machine. 

Whenever a memory check is to be made, ihe routine enters a short 
sequence of commands which add l) and 2) as stored in the memory. The 
summing routine stops just before' the cell containing the given memory 
sum. It then compares the stun of 1) and 2) aS given with the sum coii|)uted 
by the machine and stored in a cell of 3). If they do not agree, indica- 
tion of memory failure should be given by the machine . 

The coder may choose to have the routine type the difference between 
the two sums and then halt. Possibly an analysis of the difference will 
indicate the failxire. If tiie difference is large, the only recourse may 
be to read the routine in sgain. Hence, it is important to code so that 
computation may be continued from axy point. 
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The first time the roxibine is checked out, the memory check causes a 
failure since the given sum has been entered as gero. The difference 
between the two suras is in this case the correct sum. On another dsQT the 
routine is again read into the machine, this time using as the memory sum 
the type-out obtained on the first trial. If there is no f aLlxire, that 
sum computed by the machine is entered permanently in tiie routine as the 
given memory sxim, and so used in subsequent confuting runs of the routine. 

If the given memory sum is stored negatively it can be included in 
the summing. Then the machine sum should be compared with zero to deter- 
mine accuracy of the memory. In the event it is not zero, the machine sum 
should be typed out for analysis of the error. 

When a problem requires the use of sobioutines the assignment of 
storage would be the same as descidbed above, with the addition of U): 
subroutine commands and constants. In this case, the sunming cycle lould 
add the contents of 1) and 2), skip over the contents of 3)> and add U) . 
Then the routine would compare that sum >d.th the given memory sum, as 
above. 

The routine must take into account the few modifiable commands sod 
teaaporary storage cells ifiiich must necessarily be stored in 1), 2), "and 
U) , Since they are not always of the sara:e value, they would always cause 
the memory sums to disagree. If permissible, those cells should be 
restored to «ero before being included in the machine sum, or they may 
be omitted. A memory sum should have a constant valuej barring that, 
it should vary in a predictable fashion. 
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y. MDDIFIBD COMKAHDS 

One of the more powerful featiires of the coding Ibr a machine like SWAC 
is the possibility of changing commands which are already in the meaiory. 
This is called "modifying" and it treats the commands like numbers, operat- 
ing on them to produce new commands, which can be obeyed in iairn. It is 
often possible to save considerable memory space by ingenious use of modifi- 
cation. The following paragraphs offer some suggestions on modifying coramands. 

The most straightforward w^ to code a cycle of, say, six operations 
that are to be performed eight times is to code in U8 successive cells the 
eight groups of six commands. However, it may take fewer cells to use the 
same group of six commands, stored in six cells, eight times over. This 
requires modifying one or more of the references of the six commands depend- 
ing on the con?)utation, each time the cycle is performed. It also necessi- 
tates a tally count up to ei^t, and a command to leasre the cycle •jrtien 
consisted. 

In some instances, the amoTinfc of diift called for in an extract command 
varies with the nunibers being used. The rcjutine stores a dumsiy extract 
command with delta equal to zero or an sppropiiate constant. This dimray is 
combined with a computed delta value and used each time the extract is to 
be obeyed. 

Instead of stoilng thirteen output commands to type out the contents of 
memory addresses from k9 to 5v, modify oi» ottbput cOTimand and use it repeat- 
edly. Begin with (73) - k9 00 00 00 o. Modify it in alpha, compare it with 
a limiting dummy, and use it until (5v) has been typed out. 
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Cell 
Ho» ^ ^ Jo ^ 1 R®»a3*s 

73 [U9]» 00 00 00 o (k) out 

7U 92 73 73 75 a k ♦ 1 -^ k 

7$ 93 73 9lt 73 c Through? 

76 (Command to be ob^red after (^v) 

has been typed out) 

92 01 00 00 00 2 

93 5v 00 00 00 o Limit for (73) 
9U (Teraporary storagej "waste basket") 

This same msthod can also be msed for a suMimLng rotrfcine, sach as a msmory 
check. 

Another exanple of a modified command is one used in table look-up. 
Suppose the logarithms of the integers from 1 to Ix (base I6) were stored 
in addresses 60 to 7x. A dummy (^z 89 v9 36 a) wuld be stored in (88). 
To obtain (log y) , y would be added in alplukito/thA dunay; the resulting 
command woiild then be obeyed as in the following exaaai?)le: 

To fl3ad the logarithm of the Integer part of x, 
number in tenporary storage address "75. 

Remarks 

Bactract aid shift integer part of 
X to y ■ alpha of (t6) . 

Combine (^6) with dummy and place 
it in (35). 

Command to transfer log y to (v9) . 
This command ms|y be pub into Ite manoxy 
initially as zeroj it Is alwsys pre- 
stored by (^ ) . 

36 (Command to be obeyed after 
obtaining the log y in (v9)) 

87 00 Oz zz zz z Extractor. 

88 5z 89 v9 36 a Ihunray for (35) . 

89 00 00 00 00 

v5 (2"-^x; known to be 1 « x * 3x) 

v6 (Temporary storagej contains 

y ■ 2-0 times the integer part of x) 

t9 (Temporary storage; contains log y) 



Cell 
No. 


2L 


^ 


jr 


A 


F 


33 


87 


v5 


v6 


ou 


e 


3U 


▼6 


88 


35 


35 


a 


35 


[5z]» 


89 


v9 


36 ■ 


a 



* [ ] ■ portion to be modified. 
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Befoi*e re-entering a cycle containing a modified ooramand it is nsces- 
sary to restore that coraraand to its original state. If it oonlxi be 
guaranteed that the conmand had been modified a given ntuiber (n) times, 
then the amount of modification times n could be subtracted from the 
command to restore it. However, it is very possible that ihe modification 
was done less than n times (for instance, in discking out the routine); 
therefore, tfae policy of pre-stori.ng a conmand before entering a confuting 
cycle will insTire its accuracy. (Note that the exaagjle of table look-tp 
on the preceding page does not require such pre-storlng, but that the lype- 
out exanple first given requires pre-stoiing of (73) - k9 00 00 00 o.) 

Whenever it is possible in the coding, store a modified command in 

that portion of the nemory designated for ten^jorary storage. This 

eliminates skipping that address idien adding coramsnds and constants for 

memory check, or subtracting that command from the sum after completion 

of Slimming. In the table look-up exai^le, the command obeyed in (35) 

could be stored and ob^ed in (v8) among the tanporary storage cells as 

in the following: 

Cell No. ^ ^ Jo A L Remarks 

33 87 v5 v6 OU e Int. part of x ^ alpha of (v6) . 

31^ v6 88 v8' v8 b Combine (v6) with damay and -*■ (v8) . 

36 (Command to be obeyed after obtaining the log y in (v9)) 

87 00 Oz Bz zs z Extractor. 

88 ^2 89 v9 36 b Dumray for (v8) . [ (89) is zero] 
v5 (2"^2xj known to be 1 < x < Ix) 

Si 

v6 (Tenqporary storage; contains y • 2 times the integer part of x) 
v8 [5z] 89 v9 36 b Log y ->■ (v9)j epsilon rstorns to 36, 

v9 (Temporary storage; contains log y) 

In the type-out example given (top of page Vs2), since (73) cannot be 
a special command (specifying the next epsilon) such storing in the tenqporaiy 
portion of the mamory is not possible. 
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VI. TALLIES 

There are three wajrs of tallying to govern the number of times a 
particular cycle is followed. 

a) A constant may be aided to a trnporary storage cell until the 
accumulation causes an overflow. [Exas^le 1] 

b) A limiting constant may be compared with unity (the resrilt of the 
coaparison ~ or subtraction — being returned to the constant 
storage) . In this compare tally the constant is reduced by unity j 
at the same time the direction of routine is gavemed by the sign 
of the difference. [Examples 2 and 3] 

c) A limiting duinny command (A) m^ be coiapared vilii a modified 
commsnd (B) until (B) has been modified up to the value of (A) . 
[ExaEnple k] 

Tallies to cause one operation (C) to occtir altemately with another 
operation (D) are termed alternating tallies. Either the compare commands 
[Examples 6 and 7] or the overflow signal of an add command [Exanple $] 
may be used to accomplish this alternation. 

Example 1: Cell 

No. sL ^ jr ^ Z 



Adding until overflow occurs 



38 97 U7 U7 Uz a 



(As long as (38) does not sig- ^ j. \ 

nal an overflow, the arwrbine 39 (Command to be obeyed n times; 

will go on to (39). When 

there is overflow, then rou- kl (Initially zeroj aiccessively 

tine goes to (U«) • If m is (in alpha) », 2m, 3m,..., 

properly chosen (m *jjj.), (U7) with overflow signal) 

is left clear and need not be 

restored before using this Uz (Command to be obeyed once, only 

tally again. For example, after (39) has been obeyed n times) 

if n - zz, l«t (97) - 

01 00 00 00 0. If n - z, let 97 (m) 00 00 00 

m - ID, instead of 01.) 
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Example 2: 

gsjwfr coaparo eoinniand. 

(The results of the conpaz^s 
IjQ (23) will be positive n 
times; hence, (26) will be 
obeyed n times before the 
result of the eorapare in (23) 
will become negative. (3u) 
would have to be reset before 
using the tally againj it is 
left with -1 in its storage.) 



Example 3: 

pslng special compare command 

(The result of the first com- 
pare will be negative and (91) 
will be obeyed. The next time 
(56) is obeyed, the absolute 
value of (67) is used, and the 
result is again negative. 
Hence, (91) is obeyed until 
the compare of (56) results in 
(67) being -- positive; then 
(60) is obeyed. Before being 
used again, the tally in (67) 
mast be restored from to n+1.) 



Example U: 

Comparing a modified command 

(Before (u5) is obeyed it is 
modified by (uU) to read k9 in 
alpha. As long as the alpha 
of (u5) is * 75, the result of 
the coi^pare in (u6) is positive, 
and ^silon returns to (uU) • 
After (76) has been typed out, 
(u6) has a negative result, and 
epsilon continues to (u7) . 
Before entering this cycle 
again, the routine must restore 
(u5) with alpha- k8.) 




26 
3u 

79 



56 
57 
60 

67 
v9 



uU 
u5 
u6 
u7 

ux 
wx 

yz 



eL /^ JC sS. I 
3u 79 3u 26 c 

(CoMnand to be obeyed once, only 
after (26) has been obeyed n times) 

(Command to be obeyed n times) 

(Initially nj successively n-1, 
n~2, *.», 0, —1/ 

("One" in position corresponding 
to the units position of n in (3u)) 



v9 67 67 60 d 

(Coamiand to be obeyed n times) 

(Command to be ob^red once, only 
after (57) has been obeyed n times) 

(Initially n+lj successively n, 
n-1, n-2,,.., all negative; 
finally, O) 

("One" in position corresponding 
to the units position of n+1 in 
(67)) 



u5 wx u5 ii5 a 
[kB] 00 00 00 o 

ux u5 yz «U c 

(Command to be obeyed after the 
memory addresses from U9 through 
76 have been typed out) 

75 00 00 00 o 

01 00 00 00 

(Teraporaiy storage; "waste 
basket") 
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Alternating by add coinmand 

(Accuroalating | ±a sO-pha of (6?) 
caases alternately no overflow 
and then overflow. Upon over- 
flow, (67) is left zeroi if (2U) 
is obeyed an even nuraber of 
times, therefore, the cycle can 
be entered again without re- 
setting (67) to zero.) 



Exanple 6: 

Alternating ly compare coBimand 

(The result of the first cob?) are 
in (92) is -k in (wx) . Since 
the absolute value of (wx) is 
used for the second obejring of 
(92), that resTxlt is in (wx) . 
Therefore, the results of the 
compare alternate from negative 
to zero (positive) , If (92) is 
obeyed an even number of times, 
(wx) need not be restored to 
before re-entering the cycle.) 

Exai^le 7! 

Alternating of coi^are command 

(Result of the first time obey- 
ing (2u) is that (2u) is stored 
negativelyj routine gpes to (2v) . 
Since the machine ignores sign 
in obeering commands, the next time 
(2u) is obeyed as if it were 
positive; that result is a +(2u), 
and epsilon goes to (U9) • Hence, 
the results alternate from nega- 
tive to positive, and (2u) is 
alternately stored negatively 
and positively. If obeyed an 
even number of times, (2u) is 
left stored positivelyj it need 
not be restored before re-enter- 
ing cycle.) 




U2 
h9 

67 



92 
93 

uv 

wU 

wx 



2u 

2v 
U9 
60 



oL ^ i: ^ I 

67 1*2 67 k9 a 

(Command to be obeyed the first 
and all odd times) 



80 



00 



00 



00 



(Command to be obeyed the second 
and all even times; 

(Initially zero; alternately 
80 00 00 00 snd zero (with 
overflow signal)) 



wx 



yh 



wx 



uv 



(Command to be obeyed the first 
and all odd times) 

(Command to be obeyed the second 
and all even times) 

(Any constant, k, used otherwise 
in routine) 

(Initially zeroj altemateO-y -k 
and zero) 



60 2u 2u U9 c 
(Initially positive; alternately 
negative and positive) 

(Command to be obeyed the first 
and all odd times) 

(CoBimand to be dbeyed the second 
and all even times) 



00 



00 



00 



00 



NOTE? Of the three alternator methods 
of tallying, examples 5 ssxd 6 require 
five cells c£ storage each. Exaiaple 7, 
by having (2u) modify itself instead of 
another cell, requires only fbur cells. 
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VII. SUBROUTINES 

Not all mathematical operations necessary to complete a problem are 
available in the thirteen basic commands of SWAC . The most frequently used 
of these conplex operations (logarithm, exponential, trigonometric functions, 
division, etc.) have been coded as subroutines fcr inclusion in main 
routines. There is a short cycle of commands, called the Interpretation 
Routine, designed for inclusLon in any main routine, itxich provides a 
standard and unifoiw method of entering aid leaving subroutines. 

Regardless of the ntinber of commands (k) required fbr each subroutine, 
they have all been coded- to be stored in memory adiresses from (zz - k + 1) 
to Z8. They are all less than 128 cells in laigtia. If a main routine 
refers to two or more subroutines, the coder assigns storage to them depend- 
ing only on the number of cells used by each. (Theoretical exsmple: store 
the logarithm subroutine from 9a to 3i3, sBid the square root subroutine from 
:dt to y6. However, the coding *eets for these subroutines wbuld be for 
cells w6 to zz and yx to zz, respectively.) 

When the routines are read into SWAC, the subroutines are read in 
from tape or cards ^ originally coded | they are read into the memory 
addresses assigned as in the exaaple above. There is aioiiier small routine, 
the Preparatoiy Routine, irtiich inspects each wrd of the subroutines. It 
modifies the "cross-reference" addresses according to the paraneters deter- 
mined ly the coder. (In the logarithm ex«iple, the paraweter - 2w - zz - 
i3, the difference between the addresses for liiich the subroutine was 
coded and the aidreases in iriiich it is to be used. In the square aot, 
that difference - 19 - zz - y6.) 

After the main routine and subroutines have been read into the MBmory, 
the coding should first cause the Preparatory Routine to modify the sub- 
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routines. Some problems require so much storage thgfc ths space allotted 
to the Preparatory Routine most be used fbr other oommandsj since the 
Preparatory Rotitine is used only at the start, to modify 3abtt>iitd.nes, no 
harm is done by storing another subroutine in the addresses formerly 
occupied by the Preparatory Routine (z2 to zz) . 

In the example above, using the logarithm and square root srOa routines, 
a third routine could be stored from y? to az (for exan^jle, tiie sdne sub- 
routine) . This routine would also be read into SWAG as coded, bat need 
not be modified as are the tuD others. After the tm subroutines have been 
modified hy the Preparatory Routine, the ma±a loubine should anter a cycle 
of commands lihich read the third subroutine into addresses y7 to zz from 
input tape or cards. 
Exsnple: 

((38) modifies (37) and epsilon 
goes to 37. When the modifica- 
tion of (37) caoses an overflow, 
epsilon goes to 3u. Overflow 
occurs only after (37) has 
caused read-in to (y7) through 
(zz)«) 



Cell 
Mo. 


c<_ 


zl 


± 


£ 


F 


37 


[77] 


00 


00 


00 


t 


38 


37 


78 


37 


3u 


a 


39 


79 


79 


79 


37 


t 


3u 


(Command to be obeyed 

last word of the sine~^ 

has been read into (za 


after the 

subroutine 

1)) 


78 


01 


00 


00 


00 


' -8 
2^ 


79 


00 


00 


00 


00 


Zero 
storage 



The main routine has a code word stored for each subroiitine that is 
to be entered. The code word is not a comramid nor a numerical constant, 
but contains the addresses and parameters needed by the subroutine for 
con?)uting. For exaa^le, the square root code word might contain the follx>w- 
ing addresses. 
Sign PC /3 r S^ F 

Address Address Number of idiole Address of Number of this 
of n ofiTTT integers of VTT" next command codeword 



VII:3 

Every code word is stored negatively. The Inberptretabion Routine, 
mentioned before,, distlngaishes code words from coaraands l?y sign;, and 
always places the cxirrent code word in memoiy address 16. The Interpre- 
tation Routine also extracts the various addresses given in the code vord. 
It uses these addresses to store the pertinent values in certain temporary 
storage cells. Each subroutine is coded to find the necessary values in 
those same cells. 

In the use of subroutines, the constants needed by the subroutines 
are stored in specific memory cells, and all subroufcines refM" to these 
same memory cells. This group of constants in the assigned positions is 
called the "pool" of constants. 

Memory allocation is as follows: 
The cells from Iw through 2k contain specific "pool" constants. Cells 
from 03 through 09 are set aside for tei^orary storage used by subroutines. 
Cells Ou through Iv are occupied by the Interpretation Routine mentioned 
above. The Preparatory Routine is stored in cells z2 -through zz. This 
leaves cells 2$ through zl for allotment by the coder to his main routine 
and subroutine storage. By carefully scanning the sobxoutine coding, the 
coder may possibly find that not all the '^ool? constants and -ttie tea^oraries 
in addresses 03 to 09 and Iw to 2k are used by his particular sabioutines. 
In that case, he may assign any unused storage from 03 to 09 and Iw to 2U 
for constants or storage in the main routine. 

The cover page of each subroutine has a descidption of the operation 
it performs, a list of the pool and tei^oraiy storage cells it uses, the 
number of cells its coaaands and constants require fbr storage, the nxu^er 
of cells to be modified by the Preparatory Routine, and its code word. 
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This should be all the coder needs to plsaa his use of subioutines. He 
seed not copy "toe subroutines to the pages of his coding sheets; an 
indication of where he plans to store them in the asmory is sufficient. 
In fact, he should avoid copying subroutines as a precaution against 
copying errors. 

There is a library of IBM cards on file, containing the subroutines 
for card input to the SWAC . By use of the TBK. jreproducer a coder can 
obtain a duplicate copy of any subroutine on cards. These he incoiporates 
into the cards containing his main routine. 



